PREFACE
A general dermal light sense and discrete light l!eceI?tors such,as occelli are photoreceptive mechanisms which ar~hrepods share with other phyla (Millot, 1968i Goldsmith, 1964 . The compound eye is unique to this group. As a ~imple model, the compound eye can be conceived as a cluster of cones with conve~ging axes. Every cone is called an ommatidium and receives l~ght from obj.e'cts coin ciClent with its optical axis. The extent· ahd det?lil of the field viewed depends on the size and nurnbeF of the ,cone,s (Wolken, 1971) . This model is complicated by respon siveness between' ommatidia (Shaw, 1969ai Goldsmith, 1964 and within ommatidia (Burkhardt, de la Molle and Seitz, 1966; Akiyama, 1973: Waterman and Horch, 1966) .
I. GENERAL CHARACTERISTICS OF ARTHROPOD COMPOUND EYES
Each compound eye consists of onunatidia;J.. units which are ~istinguished by facets on the eye surface. The distal portion of an ommatidium is the dioptric apparatus: the corneal lens (delineated by the facs't) and the crystalline cone. The cuticle of the lens, which lacks the calcium v deposits and pigment typical of other arthropod puticl~~ is transparent. Underlying the corneal, lens" are usually fpur , I corn~genous cells which secrete it (Goldsmith, 1964) . from the lens and is either a hard or a fluid structure (Go.ldsmith, 1964) . The dioptric apparatus concentrates lig~~ at the base of the c~¥stalline cone (B~r~t and 'Catton" 19'66; Ku~per, 196'6) .
Proximal to the dioptric apparatus are from four to twenty ne:urosensory' cells; the exact n.umb~r is usually coo stant within a species. By .anal~gy wi~h the vertebrate retina, these retinular :cells t~g~t.her compose the retinula.
The retinular cells are arranged with their long axis pa~allel, to the ommatidial axis, and on the,e~ge near the ommatidial axis eael} retinular eel-1 contributes microvilli to a composite axial structure, the'rhabdom. This is t~e pr~bapl~ site of the photoreactive visual pigment '(Eakin, ~l972). Since the refractive index of the rhabdom is higher than that of the surrounding retinular cells, it acts asa wave guide (Kuiper, 1966) .
A single layer of microvilli from a single retinu lar cell is caLled a rhabdomere. The microv'illi are oriented at right angles to the optical axis of the (Waterman, Fernahdez and .Goldsmith, 1969 tion of perirhabdomal yacuoles. The palisade is a striking feature of decapod Crustacea, and is apparently universal in brachyura (Eguchi and Waterman, 1966) . It also occurs in some insects. . . . · · · · · · · · · · VI. THE BASEMENT MEMBRANE .
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LIST OF BIGURES The most thoroughly studied Crustacea are the deca pods, and usual,ly eye morphol~gy conforms to the typical pattern described in the Preface. Exceptions to this pattern occur, notably the spiny lobster, Panulirus, which has a proximal section of.the ommatidium in which microvilli form an intracellular rhabdomere around a cytoplas mic core, and in which microvilli extend in all directions perpendicular to t.he optic axis (Eguchi and Watel=".man, 1966) .
The purpbse of the present investigation is to ex tend the structural basI's for interpretation of the function of the compound eye by a light and 'elect~on microscopic.
study of the structure of the compound eye of t.he purple shore crab, ~emigrapsus nudus Dana, 1851. The eye of this brachyuran has not been described in detail, although 2 Smith .(1948) has discussed its, gr.oss morphoJ.~gy in the con text of p~,gment migration.
Evidence for the photoreactive nature of the micro villous membranes comes from studies on the effects ltPon them of intense illumination and prolonged darkness.
, ,~I Rohlich (196, 7) has reported a profound disint~gration of microvilli in the flatworm DUgesia tigrin~ after three, weeks 1Jl darkness. Both, glutaraldehyde ,and QsmiU11\ tetroxide fix ation were used. Simi'lar resu~ts 'have been reported for the art:l:lropod Ligia oceanica after two weeks ~~in darkness i and with glutaraldehyde fixation (Edwards, 19q9) .
,~abuta, ~omlnaga and Kuwab,ara (1968J studied a num a ber' of arthropods and discovered occasio~al disorder of microvilli in control animals fixed with osmium tetroxide.
'After 247 days in darkness, Proca~bar~s clarkii showed normal microvilli when fixed with glutaral(lehyde. Normal microvi1'li were found in Artemig.: salina si:m:ilarly fixed after three months in darkness. These invest~gators coneluded that microvillous disintegration i~ an artifact of osmium fixat~on. However, Eguchi and ,Waterman (1966) tested Procambarus clarkii and Artemia salina after three mon~hs in darkness and with glutaraldehyde fixation. They found the microvillous pattern stro~91y disturbed or dE!stroy.ed.
These results cannot be reconciled without additional 
II. LIGHT MICROSCOPY
Fixation fo·r most of the l~ght miscroscopy followed the above description. pne pm sections were stained with toluidine blue and counterstained with basic fuchsin (Humphrey and Pittman, r973) . Cover slips were mounted with embedding resin.
For the light microscope work on light-and dark 6 1 I adap~ation, the crabs were inuners,ed in 80° C. water for 15 I secollds, then the 'eyes were reJUoved, dehydra:t:eii, and em bedded in paraffin (Welsh, 1930) . Ten pm sections were stai:qed wi th Mallory' s triple st'ain, Ehrlich J s aci¢l hema-' toxylin and eosin, ,or were observed without staini~9.
RESULTS
I. GROSS MORPHOL0GY
The movable' eyestalks of H. nud'us ~re held l~terally 60° from the horizontal axis of the crab when it, is active (Fig. 2) . edge is curved ~gainst the cone cells , (Fig. 5, 6 and 7) .
The crystalline cone is comp'o'sed' of intracellular secretions from four cone cells (F~g. 6,7 and 8). These cone cells stain more darkly than the crystalline cone itself. The cone cell nucleus is at the periphery of the wiaest part of the cone (Fig. 6 and 7) . Proximally, the crystalline cone tapers and fits like a socket over the diqtal end of the rhabdom (Fig. 6 and 9 ). Four crystal line cone processes extend toward the basement membrane between retinular cells (Fig. 10) . Their proximal te'rminus is not known.
1 Since the cuticle thickness varies ~nd the relative proportions of the regions are constant, figures, given are for percent of total cuticle thickness. (Fig. 11) .
The palisade 'is prominent, and p~gment granules, multivesicular bodies, and lamellar bodies are present in the retfnular cells. The nucleus iies in the distal third of the cell (Fig. 5 ). Adhering junctions occur at the point of juncture of the rhabdom and adjacent cells (Fig.   10 ).
Distally there is probably an eighth retinular cell. Figure 10 . The retinula in cross section. In this light adapted eye, the proximal pigment granules (G) occur at the cell periphery or adjacent to the palisade (P).
Intermediate junctions (J) mark the place where adjacent retinular cells contact the rhabdom. Four crystalline cone cell processes (CP) can be seen. 
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In Grapsus (Eguchl and Waterman, 1973) and in Ocypbde cursor (Kunze, 1967) a distal £our-lobed~ 'cell with the nucleus in the largest lobe and with no pigment, granules has been desc~ibed. Eguchi and Waterman state and Kunze suggests that this structure is an e?-ghth retinular cell.' 'A similar structure was £ound in distal $ections of the ommatidia of ~nudus (Fig. 12 ).
Proximally theretinular cell axons cross the base ment membrane. ,Axonsfrom one ommatidiwn do not form a si~gle bundle; rather, some of the axons from'adjacent om Eatidia extend :sl~ghtly laterally and penetrate the base ment membrane together (Fig. 13 ).
IV. THE DIST~ PIGMENT CELLS
None of the fixation techniques used satisfactorily preserved the di,stal pigment cells. Loss of detail was e~pedially marked in the area between the crystalline canes where they taper toward the rhab,dom. Some generalizations, however, can be made. Distal pigment cells surround the crystalline cone and extend from the corneal lens (between corneagenous cells) proximally ( Fig. 6 and 15 ). Near the jUhcture of the 90neand the rhabdom, tne distal pigment qells form narrow shafts which extend beside the retinular cel~s to the basement membrane. The nucleus-appears to be near the proximal end of the crystalline cone. A problem (Fixed with 1% glutaraldehyde in phosphate buffer followed by 1% Os04. Fixation was 3.5 days after the crabs were collected.) 19 is the possibility that the distal p~gment cells cha~ge shape or m~grate with fluctuations in l~gh:t. intensity,' as they do in Palaemo:g.etes (Welsh, 1930) . Since qetail is l~st in fixation, the distal cell boundaries have been "estimated by the position of pigment granules (F~g. 14) .. Cha~ge~ in cell shape may have been obscured.
As a consequence of close packing, e9.ch ommatidium is surrounded by six others. If each ommatidium has two .distal pigment cells shielding its retinula, the aqgrega In light-adapted eyes, the reflecting pigment is withdrawn proximally below the basement membrane. In dark-a'dapted eYE7s it lies ato~g the pro~imal third of the retin ula. As has been sU9gested above, it probably is contained in ~he tapetal cells (Fig. 6 ).
In the locust (Hprridge and Barnard, 19~5), the· palisade disappears in light-adapted eyes.' In a crab, Libinia, Eguchi and Wat~rman (1967) found,greatest pall.sade development in dark-adapted animals after 17' hours of dark ness. They found no di£ference in the palisade between 'eye's stibj ect to 5 hours of darkness, .5 hours of l~ght·, or 17 hO:9-rs of' light. "'They did find that the paiisade, was smaller proximally than 'in the distal, rhabdom.
In ~nUd'us the 'Palisade is sl;lghtly l.a~ger r,elative.
to the size of the rhabdom in the distpl part of the eye (Fi,g. 12) tjtan in a more proximal sec.tion (F~g., 10)le The, palisade does not disappear in the l~ght-adapted eye.
The crystalline ,cone is easily stretched or collapsed in fixation and <.sectionipg . Also I the juncture between the cone and the rhabdom is obscured by distal p~gment granules in.dark~adapted .eyes. Twel,:",e l~ght-adapted and 12 dark adapted ommatidia were measured in eyes in which there was no obvi9uS distortion, a~d in which the proximal end of the crystalline cone was visible. In light-adapted eyes, the crystalline cone composed 35.0% of the le~gth; in dark adapted eyes it composed 28.2% of the length. At the cen ter of the eye this would be a difference of up to 24 'pm.
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The tapered proximal part of t~e crystalline cone looks more If stubby" as well ..
VIII. E;FFECTS OF PROLONGED DARKNESS
Crabs were kept in'an opaque container for 146 days. . , I experiences as many as 17 hours of darkness.
DISCUSSION
"
The fuse4 rhabdom~greatly increases the light ab sorbing area in ~he eye (Shaw, 1969b) . Shaw (1969b) also suggests that the primary function of microvilli oriented at right angles <to the ommatidial axis is to concentrate the vis:ual pigment in the light path. Both of these advantages would be important to an animal which lives in twilight.
Th~ persistent palisade may enhance the light. guide p~operties of the rhabdom. This would increase the oppor tunity for absorption py visual pigments in dim light.
The ommatidium has been widely r~garaed ~s the func tional unit of the compound eye. The morpho,l~'gy of the retinula,r cells suggest that individ~al, str,uc~\):t,es within the onupatidium can, gather, trans,duce and t,ransmit infpr mation about radiant-energy from the environment. Alter .na,te laye:r;s of, micpovilli prov,ide a physical basis for orientation of the visual p~gment, anq the~efore can be int.erpreted as the structural foundation for polarized r" .,.. l:ight pe~6'ep€ion (Waterman and 'Horsch, 1966; -~guchi ,and' Waterman, 1967) . In this case, each, group of retinular cells would const,itute a functional unit. The advan~~ges ,of polarized l~ght .perce'P.tion to' ~"nu'dus are not clear sinc~ the ~nima~ is' ~ost active at ,night.
J ' • Eguchi and Waterman (1913) s~ggested that the e~ghth retinular cell has q lower threshold to dim unpolarized light than the' .;-est of the rhabdom. Since this cell lies, in the area of the rhabdom upon which an im~ge is focused by the dioptric apparatus (Kuiper" 1966) , an alternative, is that these cells function in image transmission in t~e traditional sen~e of a mosaic.
An image triggeri~g an individual response in each ommatidium would explain the extreme responsiveness to movement in the visual field which is typical of animals with compound eyes. Since shore birds'are major predators of H .. 'nudus, this ~ensitivity to movement is of, great adaptive value. 
